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Acoustic surveys are used in various areas of  the world to 
assess both the absolute level and/or the relative changes in 
fish stocks from year to year. These augment the commer- 
cial fishing statistics (catch per unit effort (CPUE)) on fish- 
ed stocks, and egg and larvae surveys on fished and unfish- 
ed  stocks,  which  may  be  used  to  advise  on  regulating 
measures such as total allowable catches (TACs) (Pope, 1982). 
Errors in any estimate may arise from a number of causes. 
There are those which arise from fish behaviour, from the 
problems of shoal identification and from physical problems 
of the acoustic equipment. Thus, the reliability of an estimate 
may  be  complicated by  interspecies mixing  and for  this 
reason surveying is sometimes best restricted to spawning or 
other times of  aggregation in regions where there is con- 
fidence that the area contains a high concentration of a par- 
ticular species. While the target identification is recognised 
as a major source of statistical error in the estimate of stock 
size by acoustic survey, there is at least the possibility of en- 
suring that the acoustic equipment is functioning at max- 
imum efficiency so that results from different surveys can 
be considered to be comparable from the physical perfor- 
mance of  the equipment. 
Historically, the MAFF Fisheries Laboratory, Lowestoft us- 
ed a different frequency to most others engaged in acoustic 
surveys. This arose from the work of Cushing and Richard- 
son (1955), who investigated the acoustic response of cod and 
herring using an echo-sounder at the specific frequencies of 
10, 14 and 30 kHz and recommended 30 kHz as the best fre- 
quency for herring detection. Kelvin Hughes (now part of 
Smiths Industries Ltd.) adopted this as the preferred frequen- 
cy  for their fish detection equipment, which is part of the 
system listed in Section 2.  Simrad has developed equipment 
at 38 kHz which has become widely used and MAFF has 
recently changed to  this frequency in order to conform with 
other workers in this field. 
This report describes MAFF's 30 kHz equipment which was 
used prior to 1983 but the basic calibration techniques are 
still used with the present 38 kHz equipment and the infor- 
mation given will be of use with similar equipment irrespec- 
tive of echo-sounder frequency. 
2.  The survey equipment 
2.1  General description 
This  consists  of  an  echo-sounder  and  calibrated  towed 
transducer, coupled to signal processing electronics and recor- 
ding instruments. The block schematic diagram in Figure 1 
shows the layout of the equipment. 
A transmitter  in the Kelvin  Hughes MS 44 echo-sounder 
energises  a  transducer  towed  alongside  the  vessel  in  a 
streamlined vehicle. The transducer is excited with a 0.5 ms 
burst of electrical energy at 30 kHz and produces a pulse 
of acoustic energy which propagates downwards through the 
water column with a defined beam pattern. A fish (or other 
acoustic reflector) within the acoustic beam  produces an 
echo, which is received by the transducer and converted into 
an electrical signal. This signal voltage is then applied to the 
time varied gain (TVG) amplifier which compensates for the 
distance between target and transducer so that objects of the 
same target strength give the same voltage signal. The out- 
put signal from the TVG amplifier then goes to the Simrad 
QM echo-integrator which selects by  depth and adds together 
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Figure 1  Block  schematic diagram of  the acoustic survey system. 
5 
STEPS  WIDTH  "  7 
,I 
-  INPUTS 
1 
DATE  TIME 
\ ..  -.  DATA LOGGER  j  NO OF  SOUNDINGS 
DEPTH  INTERVAL 
4 
TUNING  AND  MILE No 
I 2.2.4  Shipboard equipment (Figure 7)  100 -  - 
/  The MS44 recorder and transmitter These are standard units 
manufactured by  Kelvin Hughes which have been modified  l=/ 
to give an improved paper record by displaying range-  cor-  - 
rected signals received from the TVG amplifier, and give an  - 
undistorted (true sinusoidal) waveform within the transmit- 
ted  pulse  by  a  modification  to  the  drive  circuit  of  the 
transmitter. 
E 
The Calibration  unit performs two functions:  Y . 
m 
(i) it enables the input or output of calibration signals from  o 
the transducer  cable; and 
(ii) it allows the MS44 to operate either in the 'non-survey 
mode'  (i.e.  as a normal echo-sounder using the hull- 
mounted  transducer  and internal  receiver) or in the 
'survey  mode'  using  the  towed  transducer,  TVG 
amplifier, and paper recorder. 
10--- 
The TVG amplifier,  performs three functions: 
20  -.-,  - 
(i) the amplification  of  the very  small signals from the 
transducer; 
(ii) the compensation for spherical spreading loss using a 
gain law of 20 logR when measuring fish density on a 
survey and 40 logR for target strength measurements on  1 
,'  / 
/  30 -----  - 
/ 
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(iii) the provision of an increase,in  gain with range to remove  Frequency  (kHz) 
the effect due to absorption of energy from the acoustic 
pressure wave by the medium through which it Passes.  Figure 8  Acoustic wave  absorption versus frequency at a 
salinity of  35  (O/oo).  The change in  absorption has been 
The absorption due to a one-way transmission is the Pro-  calculated for four temperatures using an equation by  Fisher 
duct of the attenuation factor a and the range R and is ex-  and Simmonds (Mitson,  1983). 
pressed in decibels. For the usual case of two-way transmis- 
sion (the target acting as an effective source) the 'Ompen-  sounder paper record. The function of each integrator than- 
sating gain law k 2aR. The  of a k a function of the  nel is to detect, amplify, select, square (for proportionality 
frequency of the acoustic wave and the  to fish density) and then integrate the signals. The total value 
ty and depth of the survey area (see Figure  and  la  of the integrated signals, when summed in the mile integrator, 
and b).  For a given transmitted  frequency the effect of a  depends on the number of soundings made on the biomass 
change in temperature is most significant, variations in salini-  during each mile of survey, but since the sounding rate is 
ty produce a second order effect  In the  waters  fixed the mile integrator output is directly related to varia- 
of the North Sea, the depth (pressure) effects on a can be  tions in ship's speed. This is  by converting the 
ignored (Urick, 1975).  digital pulses derived from the ship's speed indicator into an 
analogue voltage which  is directly proportional to ship's 
A TVG unit, designed  Hoare  to MAFF 'pecifica-  speed and is used to automatically control the integration 
tion, incorporates the fundamental laws for the correction  time per sounding (duration of READ pulse). The corrected 
of losses due  both range and absorption (20 log R  +  output is  recorded on the Hewlett  Packard  7702B paper 
a R for biomass estimation, 40 log R + 2 a R for target  recorder. 
strength measurement) to an accuracy of + 0.5 dB for each 
of two ranges (short range: 3 m to 150 m, and long range:  The LOG interface unit synchronises the various parts of the 
12 m to 600 m). The absorption coefficient a can be selected  system and provides: 
in 0.1 dB steps between zero and 9.9 dB km-'  .  Six selected 
preamplifier gains, in increments of 10 dB, are also available.  (i) a trigger pulse to the TVG  amplifier  and QM  echo- 
integrator at each transmission; 
The Simrad QM echo-integrator The instrument has two in-  (ii) trigger pulses to the QM echo-integrator and the data 
tegrator channels, each of which independantly stores the  logger at the end of each nautical mile; and 
energy from the pulses received from the TVG amplifier. The  (iii) a DC voltage proportional to the ship's speed to satisfy 
depth at which the integration process starts and finishes can  the  input  requirement  of  the  QM  echo-integrator 
be preset  for each channel and is displayed on the echo-  'READ'  circuit. Table l(a) Sea water acoustic absorption coefficient (dB/km) 
at 29.3  kHz; depth = 5m. 
(from Fisher and Simmonds, 1977) 
Table l(b) Sea water acoustic absorption coefficient 
(dB/km) at 38.0  kHz; depth  =  5m. 
(from Fisher and Simmonds, 1977) 
Salinity (ppt)  Salinity (ppt) 
Temp  33.5  34.0  34.5  35.0  35.5 
2.0  5.72  5.79  5.87  5.95  6.03 
3.0  5.61  5.69  5.77  5.85  5.92 
4.0  5.51  5.58  5.66  5.74  5.81 
5.0  5.40  5.48  5.55  5.63  5.70 
6.0  5.29  5.37  5.44  5.51  5.59 
7.0  5.18  5.26  5.33  5.40  5.47 
8.0  5.07  5.14  5.21  5.29  5.36 
9.0  4.96  5.03  5.10  5.17  5.24 
10.0  4.85  4.92  4.99  5.06  5.12 
11.0  4.74  4.81  4.88  4.94  5.01 
12.0  4.64  4.70  4.76  4.83  4.89 
13.0  4.53  4.59  4.65  4.72  4.78 
14.0  4.42  4.48  4.54  4.61  4.67 
15.0  4.32  4.38  4.44  4.50  4.56 
16.0  4.21  4.27  4.33  4.39  4.45 
17.0  4.11  4.17  4.23  4.28  4.34 
18.0  4.01  4.07  4.12  4.18  4.23 
19.0  3.91  3.97  4.02  4.08  4.13 
20.0  3.82  3.87  3.92  3.98  4.03 
21.0  3.72  3.78  3.83  3.88  3.93 
22.0  3.63  3.68  3.73  3.78  3.83 
23.0  3.54  3.59  3.64  3.69  3.74 
24.0  3.46  3.50  3.55  3.60  3.65 
25.0  3.37  3.42  3.47  3.51  3.56 
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The data logger andprinter The 16-channel data logger and 
printer stores and records the echo-integrator output voltages, 
cruise information (time, date, etc.) and survey parameters 
(gate and gain settings, etc.). The information is printed out 
at the end of  each nautical mile of  the survey. 
3.  Practical survey techniques 
3.1  Towed body launch and recovery 
The towed body (Figure 9) is attached to the towing cable 
by the forged steel clevis and stainless-steel pin inserted into 
the towing arm and then secured by  a split pin.  A secon- 
dary attachment is used as a precaution against the loss of 
the body due to a break in the cable armour from rust or 
failure of  the epoxy joint  and comprises a  stainless-steel 
mesh, tapered stocking fitted over the towing cable which, 
when a pull is applied, contracts and grips the cable armour. 
A magnesium sacrificial anode (necessary with the galvanised 
steel armoured cable) can conveniently be inserted between 
the stocking and armour. 
An additional precaution against loss is a stainless-steel safety 
wire shackled to the body's tail, led aft and securely fixed. 
This wire must be slack enough not to influence the attitude 
of the body whilst under tow and yet be able to sustain the 
shock of its weight if  the main cable parts. 
The towed body is launched and recovered using its own tow- 
ing cable, provided that a winch with sliprings is available, 
otherwise a short cable of fixed length is used. A separate 
wire rope with attached lifting eyes is used for launching, 
and recovery is by  lowering a ring (already threaded onto 
the towing cable) until it engages one of the recovery hooks 
(Figure 10). 
Launching  on the towing  cable requires  the cable winch 
operator and crane operator to work together  to lift and 
swing the body over the side. If the shortening/lengthening 
of cable due to traversing movements or alteration of jib 
angles are not correctly followed and compensated, the body 
may hit the ship's rail and suffer damage to its fairing. For 
towing without the aid of a slip ring cable winch, a short, 
fixed length of cable is prepared using another socket ter- 
mination at the shipboard end. The required length is deter- 
mined from a knowledge of the run of cable, towing depth 
and position of the fixing point. Cross section 
of  faired cable 
Recapture ring 
Glass reinforced 
Pivoted towing arm  plastic shell 
3-ringed 
2-legged  sling 
Counter weight 
Magnetostrictive 
steel tail  transducer 
window 
frame 
(a) 
16000 N  spring  accumulator 
\ 
Slipring cable winch 
500 mm  sheaves 
METHOD BY  TOWING  CABLE 
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-- 
Recapture ring 
(b) 
METHOD  BY  SEPARATE  WIRE  ROPE 
Figure 9  Towed body launch and recovery system: (a) shows the various components of the towed transducer system; 
(b) shows the two methods of launch and recovery  described in the text. 
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Figure 12  Transducer noise versus towing speed: (a) at 4 
m depth in ship's wash; (b) at 7 m depth below ship's wash. 
The increase in noise is caused not only by the increase in 
water flow with speed but by the depth and position of the 
Figure 11  Towing cable angle versus towing speed. The ef-  towed body. The shaded portion is thought to be due to pro- 
fect of drag on towing cable angle for two weights of towed  peller noise; the dotted line is the estimated graph of flow 
body (235 kg and 400 kg) can be seen.  induced noise. 
In normal circumstances the towed body is kept well 
away from the ship's stern but, in this case (1979), it was 
not practical to do so. Later, a hydraulic towing crane, 
located further forward, and a cable winch, allowing bet- 
ter  depth  control,  eliminated  many  of  the  problems 
described above. However, this example demonstrates the 
importance of the towing point and the length of cable 
on the relative position of the transducer and the pro- 
peller. In addition, it is important to ensure that the pro- 
peller does not generate excessive noise at the survey fre- 
quency, and that the equipment has a receiver with a 
narrow band input filter, to allow detection of genuine 
acoustic targets  against a background  of  wide band 
acoustic noise. 
3.3  Weather errects 
a 30 kHz transducer towed at a depth of 4 m can be sub- 
jected to a vertical attenuation of 0.5 dB, due to a 25 knot 
surface wind. Lowering the transducer to 6 m reduces this 
attenuation to less than 0.1  dB. 
In worsening weather, the echo records must be regularly ex- 
amined for evidence of aeration indicated either by  'dark pat- 
ches'  on  the  echo-sounder  traces  or  by  an  increasing 
background level on the integrator output. Once aeration is 
apparent, the survey speed should be decreased to control 
the formation  of  hull-induced  bubbles  (produced mainly 
from pitch-induced bow waves) and the transducer lowered 
as far as practical (for deep fish the transducer depth may 
need to be as great as 10 m). If the transducer must be close 
to the surface for survey reasons, the accuracy of the biomass 
estimate may need to be regarded as being of an indicative 
nature. 
3.3.1  Aeration 
3.3.2  Towed body stability 
Wind-induced  bubbles in the upper layers of the sea can 
cause attenuation of acoustic waves. Investigations have been 
made by Novarini and Bruno (1982) on the influence that 
such an attenuation may have on echo-integration surveys; 
The transducer towing point is high, amidships and well out- 
board to aid towed body launch and recovery and to be clear 
of the effects of the ship's bow  wave  and slipstream tur- bulence.  Consequently, the towing point is subjected to a 
magnified amount of ship's motion. However, this motion 
is dampened by  a spring accumulator at the towing point 
and by the streamlined towing cable which is kept under ten- 
sion by  the weight  of  the hydrodynamically-stable towed 
body. Tests have shown that the motion of the towed body 
is considerably less than that of the ship, even when the body 
is subjected to the extra stress of a change in course, or the 
severe rolling motion incurred by the ship in a beam sea; a 
maximum angular motion of  only 2.7"  was  recorded  by 
pitch-and-roll sensors mounted in the towed body. 
3.3.3  Survey speed 
In good weather survey speed is limited only by noise pick- 
ed up from the ship, the flow noise and the towing perfor- 
mance of the towed body for as long as the ship remains 
reasonably stable. However, MAFF surveys operate at speed 
of 8 knots which gives the best compromise with present 
vessels and towed bodies without reducing the efficiency of 
detection of  small fish. In worsening weather, the survey 
speed has to be reduced,  not only because of  aeration ef- 
fects (Sub-section 3.3.1) but also because of movement in the 
form of  'heave'  (vertical motion) and 'slamming'  (sudden 
shock vibration caused by wave action) produces high in- 
tensity random noise pulses which obliterate all other targets. 
3.3.4  Simrad QM echo-integrator depth/interval selection 
The selection of the 'depth' and 'depth interval' for integra- 
tion is largely dependent on the prevailing  weather condi- 
tions and, hence,  the ideal gate selection to cover the aim 
of the survey cannot always be achieved in poor weather. As 
stated previously,  winds in excess of 25 knots with accom- 
panying sea conditions can reduce the usable water column 
by several metres near the surface. Also if 'heave' greatly af- 
fects the effective depth of the sea bed from transmission 
to transmission, the depth interval may need to be preset to 
stop at a point further from the sea bed than desired. When 
this occurs, or once the interval cannot encompass the re- 
quired fish depth, the survey is not possible. 
3.4  Amplifier and integration gain selection 
3.4.1  TVG  amplifier gain adjustment 
Since the TVG amplifier can 'saturate'  and, therefore, give 
an erroneous output, the fixed gain control must be set to 
cope with the largest input signals expected. The gain level 
is  selected  by  the  engineer  who  monitors  the  output 
throughout the survey. Once signals are seen to reach half 
the saturation level, the fixed gain is reduced by one step (ap- 
proximately 10 dB). If signals do  reach saturation level, the 
procedure outlined in Sub-section 9.2.3 of Johannesson and 
Mitson (1983) should be implemented. 
3.4.2  Simrad QM echo-integrator gain selection 
The gain  level  on each  integration  channel  is  normally 
selected so that the total channels cover the complete range 
of echo amplitudes expected during the survey. The output 
from the highest gain channel which does not saturate would 
normally be taken as correct. There is always a background 
noise level which is normally removed statistically during the 
data analysis.  However,  in poor weather  the background 
noise can become excessive and mask valuable data and so 
render the collection of  further survey data impossible. 
4.  Tuning and calibration 
Before any calibration is done,  the towed  transducer  and 
cable must be tuned to the transducer resonant frequency 
and then matched to the transmitter output impedance. Final 
tuning of the transmitter ensures that the voltage and cur- 
rent waveforms are in phase. However, although calibrated 
separately, these three units must be interconnected, since 
each is electrically interactive, i.e.  the transducer must be in 
the towed body and submerged when calibrating the TVG 
amplifier, and the TVG amplifier must be switched on when 
calibrating the transducer. 
The survey equipment can then be calibrated as three distinct 
units: 
(a)  transducer, towed body, towing cable and transmitter; 
(b)  TVG; 
(c)  QM echo-integrator. 
4.1  Tuning the transducer and cable 
For  the  two  types  of  transducer  used  on  surveys  (i.e. 
magnetostrictive and ceramic) the tuning method is basical- 
ly the same, the aim being to tune out the reactive compo- 
nent  of  the transducer  and to match the transducer  im- 
pedance at resonance to the towing cable impedance. 
In the magnetostrictive case (Figure 13) this is achieved by 
a capacitor (CT) and transformer (TM), and in the ceramic 
case  (Figure  14)  by  a  combined  inductor  (LT)  and 
transformer (TT).  In both cases the inductance of the tow- 
ing cable is tuned by  a series capacitor (CS). 
Initially, the impedance is measured with the transducer in 
water and connected by a short length of low inductance test 
cable to an impedance analyser. The resonant frequency and 
impedance are measured and, by calculation and experimen- 
tal  checks,  the reactive component is tuned  out and the 
resistance transformed to that of the towing cable. The tow- 
ing cable is then connected between the matching transformer 
and the impedance analyser and its reactive component tuned 
out using a capacitor. 
The next stage is to connect the towing cable to the transmit- 
ter output terminals and, after tuning the output stage to 
the resonant  frequency  of  the transducer, to measure the 
voltage and current waveforms and examine their phase rela- 
tionship. Precision in this procedure is of prime importance 
to system performance. The transducer characteristics, both 
as a transmitter and receiver, change rapidly either side of Transducer  I 
I 
Underwater 
tuning unit 
Tow 
Te 
ing cable 
!st cable 
Cable 
tuning 
Towed  body  connection point 
Figure 13  Magnetostrictive transducer tuning/matching.  The inductive component of this transducer is tuned out 
using a parallel  capacitor and the impedance matched to the cable using a transformer. 
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Figure 14  Ceramic transducer tuninglmatching. The capacitive component of this transducer and the necessary 
impedance matching to the towing cable are achieved by using a transformer. 
resonance and only a 2% change in transmitter frequency 
can affect the results from a survey by more than 25%. As 
the initial tuning has to be made at low power, since high- 
powered bench test equipment is not available, there may be 
a need to adjust the cable tuning for zero phase change. After 
retuning, the power is measured at both ends of the towing 
cable and the cable power loss determined. Finally, the short 
length of non-inductive test cable is removed and the power 
input checked before the start of acoustic calibration. 
4.2  Calibration 
The technical procedures needed to carry out the calibration 
of the three component units of the system are detailed in 
Appendices  1-4. 
4.2.1  Transmitter, towed body, towing cable and transducer 
This part of  the calibration procedure involves measuring 
the acoustic performance parameters (SL + SRT) of the four 
parts above as one unit;  where  SL is the source level  (a 
measure of the acoustic power transmitted by the transducer) 
and SRT is the sensitivity of the transducer as a receiver of 
acoustic signals. These can be determined in two ways. (The 
techniques are described in detail in Appendix 1) 
Hydrophone  method  Robinson  and  Hood  (1982)  have 
described a procedure for calibrating the towing cable and 
transducer. This technique relies on the accurate alignment 
and precise range measurement between the transducer, test 
hydrophone  and projector  in  'free  field'  conditions.  The 
transducer  beam pattern is measured at this time and its 
equivalent beam angle (see Section 5) is estimated, since it 
is important to determine the influence of the towed body 
housing on the transducer performance. 
Standard target method The echo received from a tungsten 
carbide  sphere  of  precisely  known  target  strength  is 
measured. This enables the performance of the equipment to  be  calculated  independently  of  a  test  projector  or 
hydrophone. Provided that the sphere can be aligned ac- 
curately on the axis of the transducer beam, this method has 
the  advantage  of  having fewer  sources of  error.  This  is 
because only the voltage generated by  the returned echo from 
the sphere (VRT) involves an acoustic path and is therefore 
less precise (there are 3 such acoustic paths in the hydrophone 
method). The parameters of temperature and salinity can be 
measured precisely; they are necessary to determine TS and 
also the absorption coefficient (a). The amplifier gain (X), 
and the distance from the transducer face to the standard 
target (R) can also be measured precisely. 
4.2.2  The TVG amplifier 
The integrator output (Vo) is proportional to fish signal in- 
tensity which itself is proportional to fish density. Thus, when 
V,  is multiplied by an expression derived from electrical and 
acoustic calibrations of the echo-survey equipment and a 
knowledge of  the species and size of  fish,  hence  target 
strength, the biomass may be calculated. For convenience, 
the expression for biomass is separated into a number of 
parameters as follows: 
biomass  = 
V,  loA  [(G-(A+B+C+D+E+F))/lO] kg  m- '......( 3) 
or (converted to t km-') 
The gain  of  the  TVG  amplifier  can  be  controlled  by  a  biomass  = 
microprocessor to  conform with one of two target situations,  V,  loA [(30+G-(A+B+C+D+E+F))/lO] t km- '...( 4) 
namely: 
where 
(a) biomass estimation,  V,  is the integrator output (volts), 
gain  = (20 log R  + 2 a R) 5  0.5 dB  ............ (1)  30  is the constant converting kg m-2  to t km-2, 
(b) target strength measurement, 
...........  gain  = (40 log R + 2 a R) r 0.5  dB. 
A  is the target strength of the fish being surveyed (dB 
kg-', dependent on the species and the length dist- 
42) 
ribution determined during the cruise from trawl 
sampling), 
The aim of the calibration is to measure the conformity of  B  is the SL  + SRT parameter  (dB), 
the TVG amplifier with equations (1) and (2) above. At each 
of a series of range steps, the departure of the measured gain  C  is the mean fixed or static gain of the system (dB, 
from the theoretical gain is determined and used as a cor-  comprises the TVG mean fixed gain and the QM 
rection factor in the biomass equation (see Section 5). The  gain including error correction), 
procedure is detailed in Appendix 2 and is repeated for all 
the fixed gain steps (-10, 0, and  + 10 dB) which may be re-  D  is the equivalent ideal beam angle of the transducer 
quired during the survey.  (dB), 
4.2.3  Simrad QM echo-integrator  E  is the duration of the transmission pulse (dB), 
This is calibrated by an internally-generated test signal. The  F  is the pulse repetition frequency (dB), 
integrator output voltage has a value determined by the set- 
ting of  the gain, depth, interval, ship's speed and number  G  is the integrator correction factor (dB). This factor  of  trigger pulses.  compensates the effect of the integrator system in- 
ternal time constants on the integrator gain. The in- 
A correction factor is determined by the difference between  put signals are assumed to be undistorted  square 
the measured and theoretical integrator output voltage (see  waves, and the integrator output (Vo) is assumed 
Appendix 3 for details). The QM can also be calibrated with  to be the exact integral of the square of  the input 
the TVG amplifier in a combined calibration (described in  voltage: 
Appendix 4). A detailed description of the QM setting up 
procedure can be  found in the Simrad QM manual.  that is, 
5.  Biomass assessment 
5.1  Calculation 
where 
V,  = output voltage, 
Biomass is defined as the weight of living matter (fish) in 
the survey area and expressed as weight per unit volume or  'i  = input 
area. It is determined from the integrated echoes recorded 
during each nautical mile of survey.  ts  = duration. However, the gain of the QM echo-integrator is effectively 
reduced, since the pulse shape of the echo is distorted by the 
following three system constants (see Appendix 3): 
(a)  sounding integrator time constant (0.114 S); 
(b)  mile integrator time constant (0.396 S); 
(c)  'read pulse'  factor (3.5 X 10-3  per knot or nautical 
mile per hour). 
The echo-integrator output (Vo) is thus: 
Hence, to restore this to be the exact integral of the square 
of  the input voltage,  V.  must be corrected by  a factor of 
12.446 (equivalent to manually setting the read pulse con- 
trol to 12.446 knots which gives exact integration). The in- 
tegrator  correction  factor (G),  since the sampling rate is 
measured in pulses per minute,  is calculated as follows: 
G  =  10 log 12.446/60  = -6.83 dB. 
For convenience, equation (4) is split into two expressions: 
biomass (t km-2) = V.  X  biomass factor  ........ (7) 
where 
biomass factor is 
1oA[(30+~-(A+B+c+D+E+F))/IO]  .  .  .  .  .  .  (8) 
This is then used as a fixed term in any series of biomass 
calculations. 
5.2  Example calculation 
The following data relate to a herring survey cruise on RV 
CORELLA (Wood and Johnson, 1983): 
Survey mile No. 1066 
V,  =  36.4 volts, 
A  = -35.1 dB (for average fish length of  27.6 cm), 
B  = SL + SRT = 36.2 dB, 
C  = 28.95  dB, 
D  = -16.5 dB, 
E  =  10 log (0.55  X  10'3  S) = -32.6 dB, 
F  =  10 log (129.8  pulses per minute)  = 21.13  dB, 
G  =  10 log 12.446/60  = -6.83 dB. 
Substituting in equation (8) 
biomass factor  =  loA [(30-6.83-(-35.1+36.2 
+28.95-16.5-32.6+21.13))/10] 
Hence, biomass for mile  1066 = 36.4 X 128.5 
5.3  Overall accuracy 
This can be split into two discrete parts: physical (parameters 
B,C,D,E,F,G  of  the  biomass  equation)  and  biological 
(parameter A of the biomass equation and fish length and 
weight  sampling by  trawl). 
The physical (system) calibration accuracy was estimated to 
be  0.5 dB (+ 12%) at a 95% confidence level for the now 
superseded 30 kHz survey  equipment. This excluded the 
transducer equivalent ideal beam angle (parameter D) which 
is derived from the solid beam pattern of the transducer when 
fitted into its towed body. For  practical reasons,  this was 
estimated to approximately  1 dB from measurements made 
in two orthogonal planes. Measurements under computer 
control can now give an accuracy better than 0.2 dB (+ 5%) 
(Simmonds et  al., 1984). However,  any  errors  in  system 
calibration are small when compared with biological errors 
in stock assessment. 
Fish target strength (parameter A) is a measure of the total 
acoustic energy returned to the transducer from one fish and 
is dependent upon the length, aspect, movement, condition 
and anatomy of the fish. Tilting movements of the fish with 
respect to the acoustic wavefront can cause large fluctuations 
in its target strength but it is assumed that on average the 
normal dorsal aspect is predominant; there is evidence to sup- 
port this. Dorsal target strength cannot presently be deter- 
mined  to a  value  more  accurate  than +  1 dB (+ 25%) 
whatever the method of determination employed (c.f. caged 
fish experiments (Edwards and Armstrong,  1982), or free 
field in-situ observations (Robinson, 1982)). Whilst on survey, 
the  distribution  in  TS  is  calculated  from  frequent 
length/weight  samples  by  fishing.  This  is  the  critical 
parameter of the biomass equation and the utmost care is 
taken to ensure that the size range and species proportion 
of the fish in the survey area are adequately sampled. For 
example, inefficient sampling of  herring concentrations at 
Iceland in 1980 caused an over-estimation of juvenile herr- 
ing and an under-estimation of older herring. The result of 
this was a high biomass estimate which, subsequently, had 
to be revised in  1981 (Jakobsson, 1982). 
Since sampling by fishing is carried out to evaluate the pro- 
portion of different size groups of the target species and other 
species, the survey precision is dependent upon the extent 
to which size groups of the target species can be viewed in 
isolation and the basis of precision can be increased by the number of trawl samples made. Although the absolute value  ( a  ) 
of target strength is less important in a time series, there is 
still a requirement for careful sampling by  trawl to obtain 
the proportional mixture of  species. J. G. Pope (personal 
communication) estimates that for two species mixed in equal 
proportions the chance of obtaining an accurate sample is 
in the region of  1 in 2, i.e.  3 dB per haul. 
(b) 
In spawning or wintering areas where survey data are used 
to monitor annual changes in the size of fish stocks on a 
time series basis, the year to year repeatability  0.5 dB (* 
12%) of SL+  SRT calibration is more important than overall 
accuracy  (Hood and Huggins,  1983). 
To summarise, if the equipment is checked regularly follow- 
ing the procedure in Appendices 1 to 5, then the error in 
biomass  assessment  caused  by  errors  in  electrical  and 
acoustic system measurements will be far outweighed by that 
due to the errors in biological sampling. 
6.  Acoustic survey engineer's records 
6.1  Engineer's report 
It is necessary to document a full record of the state of the 
survey equipment before sailing and to give details of tests 
prior to and during the cruise. This enables the engineer to 
relate the present equipment performance to that of previous 
cruises and provides the scientist-in-charge with a biomass 
factor for all channel settings. An example is given as Ap- 
pendix 5. 
6.2  Measurements to be performed by the engineer during 
an acoustic survey 
6.2.1  Measurements to be made at least twice during the 
cruise 
(i)  Measure transmitted power. 
(ii)  Take photographs of: 
(a)  transmitter (Tx) voltage;  (e) 
(b)  expanded Tx  voltage; 
(c)  tx current; 
(d)  expanded Tx  current; 
(e)  superimposed expanded (Tx) voltage and current 
waveforms, (Figure 15a-e). 
(iii)  Measure water temperature (and salinity if  possible). 
6.2.2  Measurements to be made every day, ifpossible: 
(i)  Measure Tx  pulse duration.  Figure 15  Transmitter voltage and current waveforms: (a)  (ii)  Measure the system gain. 
(iii)  Measure the Tx  oscillator frequency.  voltage;  (b)  expanded  voltage;  (c) current;  (d)  expanded 
current; (e) superimposed voltage and current. 
(iv)  Check Tx output voltage, current and phase. 
Note: (a)  No measurements to be made unless the towed 
body  has  been  immersed  and  all  electronic  (b)  The system  gain  must  be  measured  at the Tx 
equipment has been  switched on for at least 4  frequency. 
hours for magnetostrictive transducer, 1 hour for  (C)  The expanded Tx  waveforms should cover the last 
ceramic transducer.  3 major cycles only. 2  110 
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Figure  16  RV  CLIONE track  chart,  18-30 August  1982  Figure  17  RV  CORELLA herring acoustic  survey area, 
(Wood and Johnson, 1983).  18-30 August 1982 (Wood and Johnson, 1983). 
7.  Paper records and log keeping 
This is an essential feature of the survey exercise. All instru- 
ment settings and changes must be rigorously recorded. Ex- 
amples of  paper records and log keeping are given in Ap- 
pendix 6. 
8.  Surveying - an example 
Extensive surveys of the western and southern North Sea her- 
ring  stocks were  conducted  by  MAFF during the period 
1979-82. The  technique  of  trawl  sampling  and  acoustic 
surveying over spawning concentrations of herring has been 
described by  Wood (1982) and Wood and Johnson (1983). 
Independent confirmation of the annual changes in stock 
have been obtained from herring larval surveys. In 1982, two 
vessels, R.V.  CLIONE and R.V.  CORELLA, carried out a 
joint  survey off the Yorkshire coast (Figures 16,  17). The 
Engineer's Report, the paper records and sample trawl hauls 
provided the Scientist-in-Charge  of the survey with sufficient 
data to: 
(a)  locate concentrations of herring; 
(b)  decide survey strategy; 
(c)  estimate biomass. 
The survey strategy and results are described by  Wood and 
Johnson (1983) from which the following extract is taken: 
'The chief objectives of the 1982 survey were to locate 
the  August  herring  spawning  concentration  at  the 
Longstone (the most important one in that area), and 
to survey both the pre-spawning and spawning phases 
of the August spawning concentration off the Yorkshire 
coast in the Robin Hood's Bay area. Because it had 
been observed during previous surveys that spawning 
off Robin Hood's Bay, in the second half of August 
or at the beginning of September, takes place a few days 
after the date of the relevant full or new moon (Figure 
18; Wood and Johnson, 1983), the survey in 1982 was 
timed to cover the first 11 days following the new moon 
which occurred on 19 August. OFULL 
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Figure 18  Date of first annual herring spawning off Robin Hood's Bay in relation to the phase of the moon (Wood 
and Johnson,  1983). 
An echo survey was carried out by  both vessels dur- 
ing the night of  18-19 August off Robin Hood's Bay 
R  V  CLIONE 
(Figure 19) to determine the extent of the area where  ---  R V  CORELLA 
night-time  herring  shoals  were  expected  to  be  -.-----  LIMIT OF  MAIN 
distributed (Wood and Johnson, 1983). The following  HERRING CONCENTRATION 
night, using echo-integrators both vessels surveyed the 
area where echo traces were abundant, the survey tracks 
of the two vessels being arranged to overlap so that 
biomass estimates from each could be compared. The 
5C0  30'N - 
results are shown below (Table 2). 
Table  2  Comparison  of  biomass  estimates  of  RVs 
CORELLA and CLIONE 
Date  Area covered  by  Biomass estimates  Maximum 
(1982)  both vessels  [/km* 
19-20  102.1 km'  CORELLA 14 494 t  511 
August  CLIONE  14 814  t  495 
The target strengths used were those recommended by 
the Planning Group on ICES Coordinated Herring and 
Sprat Acoustic  Surveys (Anon.,  1982). That for the  Figure 19  Survey tracks during the night  18-19 August 
night  19-20 August  being -34.8 dB/kg,  relative to a  1982 and area containing  majority of herring shoals 
mean length of 26.2 cm and a mean weight of 162 g!  during hours of darkness (Wood and Johnson,  1983). 9.  Remarks  FISHER, F.  H. and SIMMONDS, V.  P.  1977. Sound absorp- 
tion in seawater. J. Acoust. Soc. Am., 62:  558-564. 
An indirect assessment of fish stocks using acoustics can be 
achieved to an acceptable confidence level, provided that the 
procedures and calibration techniques outlined in this report 
are followed correctly. The equipment must be calibrated at 
frequent  intervals.  Equally  important  is  the  accurate 
biological sampling of the surveyed fish stock, which depends 
upon significant numbers of trawl samples from the areas 
of  the fish echoes being integrated. 
However, to achieve the present level of confidence it is im- 
portant that the survey data be validated by other methods. 
For example, the relative changes in the adult herring biomass 
in the central and southern North Sea, recorded by acoustic 
methods,  have  been  confirmed  by  the  independent 
assessments obtained by  ICES herring larvae surveys (Anon, 
1983). 
The quality of biomass estimation now being provided can 
be demonstrated by  the results of a two-ship survey made 
in 1982 (reported above). The research vessels CLIONE and 
CORELLA (each using identical equipment calibrated in ex- 
actly the same way) gave estimates within k0.5 dB. In 1983, 
the results from preliminary trials to compare 30 and 38 kHz 
equipment calibration techniques and performance, although 
not conclusive showed no significant difference in biomass 
estimation. Thus, it is predicted that acoustic surveying can 
be conducted at 38 kHz to the same level of precision and 
accuracy. 
The work described in this report would not have been possi- 
ble without a considerable contribution  from present and 
past members of the Directorate's Research Support Group, 
particuarly Mr B.  J. Robinson and the late Mr L. Cox. The 
authors are also indebted to Mr M. H. Beach and Mr R. B. 
Mitson  for helpful  assistance  in  the  preparation  of  this 
manuscript. 
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ing August 1982. ICES CM 1983/H:2, 7 pp (mimeo). Appendix 1 Calibration of  transmitter,  towing cable and  From equations (AI), (A2), (A3): 
transducer 
Va  VC  Ra RC 
SL + SRT  = 20 log (K  ) + 20 log(=) 
1.  Determination of the transducer parameter SL + SRT 
1.1  Hydrophone method 
The arrangement used is shown in Figure Al. The survey 
transducer, projector and hydrophone are mounted at ap- 
propriate depths at suitably distanced stations and can be 
rotated independently. To reduce the possibility of error, all 
the auxiliary components of the transducer system, not just 
the transducer element, are included in the calibration. The 
detailed calibration procedure is as follows: 
(i) The survey transducer alone and then the transducer plus 
cable are tuned to be resistive at the desired operating 
frequency. Next, the transmitter is energised and the elec- 
trical power into both the cable plus transducer and the 
transducer alone are measured, to enable the cable loss 
to be computed. 
(ii) Whilst the survey transducer is transmitting, it is align- 
ed with the test hydrophone and the received voltage at 
the hydrophone measured (Va rms). The true rms voltage 
of the received waveform must be measured and not the 
peak or estimated mean value. 
(iii) Power is then applied to the test projector which is align- 
ed initially with the hydrophone and then with the survey 
transducer. The received rms voltages, Vb and VC respec- 
tively, are measured. 
From  these  measurements  the  following  equations  are 
derived: 
20 log V,  = SL + SRTh -  (20 log Ra + amRa)  ...(  Al) 
20 log Vb = SLp + SRTh -  (20 log Rb + amRb)  ...(  A2) 
20 log VC  = SLp + SRT -  (20 log RC + amRc) ...(  A3) 
SLP and SL are the projector  and survey transducer 
source levels,  SRTh and SRT  are the receiving  sen- 
sitivities of the hydrophone and the survey transducer 
respectively, am is the acoustic attenuation in dB m-', 
and Ra, Rb, RC are the respective  ranges in metres. 
Note:The  parameter SL + SRT is related to the electrical 
power  input to the transducer. The power  must be 
noted at the time of  calculation. 
1.2  Standard target method 
A tungsten carbide sphere or a copper sphere is suspended 
by  a  monofilament  nylon  line  to  be  precisely  on  the 
transducer axis. The position of the target should be chosen 
so as to be well away from any other secondary targets (e.g. 
surface reflections or nearby objects). 
The acoustic performance parameters are calculated from 
SL + SRT = VRT -  TS -  X  + 40 log R + 2 a R.....(AS) 
where 
SL  = source level in dBNlpPaNlm, 
SRT = reception sensitivity of transducer in 
dB//lV/lpPa, 
VRT = rms voltage across transducer terminals due to 
standard target echo in dB V-', 
TS  = target  strength of  standard target in dB, 
X  = measuring amplifier gain in dB, 
R  = range in metres, 
a  = attenuation due to absorption in dB km-'. 
Note:  Use of  parameter  SL  + SRT 
The SL + SRT parameter is inserted as parameter B in the 
biomass equation (see main report, Section 5). 
Figure A1  Transducer calibration by  hydrophone. The projector, hydrophone and transducer  are immersed  at 
approximately equal distances apart in a volume of water large enough for the test to be unaffected by reflections 
Projector 
or standing waves (i.e.  free-field conditions). 
22 
TVG  output 
Time varied  gain  Survey 
cable  amplifier 
Rb 
under  test  monitoring  components Appendix 2 Calibration of TVG  amplifier  points, where theoretical values have been calculated and 
the  average  voltage  ratio  100  VOut/Vin  used  for 
calculating the TVG gain as follows: 
This is required to determine the mean fixed or static gain  TVG  receiver gain (measured) = 
(correction factor) of the TVG amplifier, and is calculated  20 log [100VOut/Vin]  dB  ...(  A6) 
by  measuring the total gain of the amplifier (dB) at a series 
of  range  steps  and  then  subtracting  the  corresponding  The injected signal amplitude must  be reduced with 
theoretical TVG component (dB).  increase in time (range) as the amplifier gain increases, 
otherwise the amplifier will saturate and give incorrect 
1. TVG receiver gain (measured)  results. 
(i) A  signal  generator,  calibration  unit,  double  beam 
oscilloscope (CRO), and  frequency counter  are con- 
nected as shown in Figure A2. 
(ii) the equipment should be allowed to warm up for at least 
1 hour and the input and output of the TVG amplifier 
must  be  terminated  correctly  by  connections  to the 
transducer and QM echo-integrator before commenc- 
ing calibration. 
(iii) A CW signal, set to the survey frequency, is displayed 
on one channel of the CRO as a reference. It is also in- 
jected into the TVG (via the 100:l attenuator) and the 
other output displayed on the other channel of the CRO. 
(iv) The peak-to-peak voltage of each waveform is taken at 
a specific point in time (Figure A3) and the TVG gain 
is calculated, the 100:l attenuator being allowed for. This 
process is repeated throughout the depth range at the 
2.  TVG receiver gain (theoretical) 
This is calculated using equation (A7) for a series of  range 
points. 
TVG receiver  gain (theoretical)  = 
20 log R + 2(a X 10-3)R  dB ......( A7) 
where 
R  = 0.5  c A  (m), 
and 
c  = speed of acoustic waves in seawater (m S-') (see 
Table Al), 
Figure A2  TVG amplifier calibration. A schematic diagram showing the connections between the various units. 
The transducer must be connected to the TVG amplifier to provide the correct input impedance. The signal generator 
impedance of  0.1  ohms does not affect the calibration. 
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3.  TVG correction factor 
CHANNEL 2 
(i) The fixed gain (which is used in the biomass equation) 
is determined from equations (A6) and (A7) for each 
range point and a mean value determined. 
TVG  fixed  gain  =  [TVG  measured  gain  - TVG 
Figure A3  C.R.O. display. The amplifier gain is calculated  theoretical gain] dB.  ......  (A8) 
for a number of steps by  reading the output and input 
voltage on the display. 
(ii) The calibration is repeated for any other switched setting 
Table A1 Speed of acoustic waves  in  sea water (ms-l)  of  fixed gain which may be used. 
at a depth of 5 m. (from Mackenzie, 1981) 
Temp  Salinity (O/oo) 
("C) 
2.0 
3.0 
4.0 
5  .O 
6.0 
7.0 
8.0 
9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
19.0 
20.0 
21.0 
22.0 
23.0 
24.0 
25.0 
(iii) If  a  pulsed  input  is  used  instead  of  CW,  the 
measurements are taken at the midpoint of the pulse, 
and modify the range factor R as follows: 
where 
A  = time delay from zero to the leading edge of pulse 
(ms) 
T = the pulse duration (ms). 
(iv) For  calibration  in  the  target  strength  mode  the 
appropriate gain law is: 
TVG receiver gain = 40 log R + 2(a X 10-')R dB  ...( A10) 
Note: Use of  TVG correction factor 
The TVG correction factor is combined with the QM echo- 
integrator  correction  factor  to  give  parameter  C  in  the 
biomass equation (see main report, Section 5). Appendix 3 Calibration of Simrad QM echo-integrator, MkII 
This is required to determine the actual fixed gain of the QM 
echo-integrator  for gain settings of  0,  10, 20 dB,  and is 
achieved  by  comparing  the  actual  and  theoretical 
performance for a defined input. 
1.  Calibration equipment 
This is set up as shown in Figure A4. The additional items 
required are ship's speed simulator and distance log interface 
unit. 
2.  Echo-integrator description 
The echo-integrator performance is measured by  injecting 
an internally generated 1V rms sine wave to simulate a fish 
echo input. The injected signal is processed in precisely the 
same manner as fish echoes (refer to Figure A5) as follows: 
(i) Detector -  since the integrator measures the area under 
the voltage waveform the signal waveforms must first 
be rectified,  the integral of an unrectified sine wave 
being zero. 
(ii) Delay line -  0.5 ms for 'bottom stop' circuit, not used. 
(iii) Gaidthreshold amp -  sets overall signal amplification 
from 0 to 40 dB in 10 dB steps (the threshold control, 
which is incorporated, is always set to zero) 
(iv) Signal gate -  two controls (depth and interval) fix the 
position  and  length  of  time  that  the  signals  are 
integrated 
(v) Adder - part of  the threshold system, not used. 
(vi) Squarer -  this is switched on by selecting the $ nautical 
mile function (the position always used) and the signal 
is squared and thus made proportional to fish densi- 
ty. (Fish density is proportional to acoustic intensity 
which is the square of the acoustic pressure measured 
at the transducer  face.) 
(vii) Sounding integrator -  this measures the area under the 
envelope of the amplified, gated and squared signal 
wave form. However, because of a time constant in the 
integrator  (114  X  10''s)  which  distorts the squared 
signals, the output is not exactly the integral of the in- 
put (this is allowed for in the biomass calculations). 
After each sounding, the integral in 'held' for a period 
to enable this to be 'read'  by the mile integrator and 
then 'reset'  by  the 'hold/reset'  switch. 
Figure A4  Simrad QM echo-integrator calibration diagram. A simplified layout of the front panel of the QM echo- 
integrator and ancilliary test equipment. The integrator is operated in the 'self  test' mode with simulated inputs of 
transmission pulse,  trigger and ship's  speed. 
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0  8  x2  -  - Figure A5  Simrad QM echo-integrator block diagram. A block diagram of one integrator channel, the functions 
of the numbered stages are explained in the text. 
N0"t 
Depth  Interval 
(viii) Read gate -  this is controlled by a 'read pulse' generated 
by a voltage from the ship's speed indicator (log) which 
automatically  compensates  for  variations  in  ship's 
speed  to  make  the  integration  dependent  only  on 
distance travelled.  It restricts the signal to the mile in- 
tegrator to 3.5 ms per knot. This speed correction is 
allowed  for in the biomass calculation.  . 
000 
(ix) Mile  integrator  - this  sums  the  integral  voltages 
generated  by  the  sounding  integrator  during  each 
nautical mile and gives a proportional voltage output. 
During the test, this takes the form of a steadily rising 
sawtooth waveform which on reaching 10V resets to 
zero  automatically.  (When  on  survey,  the  echo- 
integrator output rises in a series of steps proportional 
to the biomass of fish detected per sounding.) The mile 
integrator time constant of 396 ms reduces the output 
to less than the exact integral for the same reason as 
in the sounding integrator. This is also corrected in the 
biomass calculation. 
050 
(ii) The QM echo-integrator controls are set thus: speed 
compensation  control  to  'automatic';  gain  '0  dB'; 
threshold  '0';  metres depth '0'; metres interval  '50'; 
'operate/test'  switch to 'operate'. 
(iii) The HP7702B paper recorder is switched on and run 
for a period to check for zero drift and adjusted if 
necessary. 
yMi"  Speed hp  S, 
I 
l 
0  Analog 
L_---- 
Speed 
Siqnol 
(iv) The 'operate/test'  switch  is  set  to 'test'  mode and 
simultaneously a time check is made either by trigger- 
ing the data 'printout'  or by using a stopwatch. The 
echo-integrator paper recorder pen should be seen to 
rise linearly with time. 
c  l 
l 
I 
(v) After  a  specified  period  (7.5  min  at  8  knots  is 
equivalent to 1 nautical mile), the simulated survey is 
stopped  and  the  echo-integrator  output  (Vo)  and 
number of simulated transmissions recorded, either by 
calculation using the transmission rate and time, or by 
using the data logger and printer. 
----------  --- 
I 
3.  The calibration  procedure. 
3.2  Calculation  of  the  theoretical  values  of  Vo  for  a 
3.1  Determination  of  the  measured  value  of  V0  for  a  simulated survey 
simulated survey. 
The 1V rms sine wave input is gated and integrated to become 
a number (n) of positive going square waves (unit integral) 
(i) The ship's  speed simulator is set to the survey speed  of duration, g, amplified X'  times, such that, 
(normally 8 knots) and the 'MS44/simulator'  switch 
on the log unit set to simulate 83m range.  V,  = (lX)'.g.n.  ............  (All) 
I  OShlpa  log 
o  I  In male 
Range  I  +  v  I 
Rtsettm.g 
(P r.f.1  I 
I  I  nOld  Read  Reset 
pulse gm  wlsr gen  Trigger 
I 
-  * 
Marker 
~nt%a~  pul3cpcn 
Marken - 
t 
8 
Sounding-  Read  -C  M!lr 
lntegrota  gate  integmta  To  upper 
recorder 
channel  -  -  Inverler . 
0  Naut. Mile 
O/P  to  Data LDgger X is the echo-integrator gain 
[X = antilog (dB gain/20)], 
............  =  1.034 X  10-'.X2.G.n.U.  ('413) 
n is the number of simulated transmissions during the 
test,  where 
g is the duration of  the gate,  allowing  for two-way  G is the sampling gate (interval) in metres, and U the 
transmission (i.e. g equals twice the interval setting  simulated speed. 
divided by the speed of acoustic wave in sea water 
(c x  1500 m S-')).  3.3  Determination of the echo-integrator correction factor 
Substituting for t in Equation (All)  The theoretical output voltage is compared with the measured 
value and a correction factor determined thus: 
V,  = (lX)*  .n.2.g.c-l  ............  (A121 
correction factor = 10 log [Vo measured/Vo theoretical] 
where  dB  ............  (A14) 
G is the sampling gate ('metre  interval'),  For greater accuracy, time constants and read pulse dura- 
tion must be measured for each unit, and also a more precise 
c is the speed of  acoustic waves in seawater.  value for the speed of  acoustic waves calculated. 
Note: Use of  echo-integrator correction factor 
However, as stated previously, since the echo-integrator out- 
put is reduced by the sounding and mile integrator time con-  The echo-integrator correction factor is combined with the 
stants (114 ms, 396 ms) and the 'read  pulse'  length (3.5 ms  TVG correction factor to give parameter C in the biomass 
X speed) the output expression becomes:  equation (see main report Section 5). Appendix  4  Calibration  of  TVG  amplifier/QM  echo-  0 dB integrator gain; 
integrator combined  0 dB integrator threshold; 
the gate depth and interval are set to  the average values 
for the survey area. 
The aim is to calibrate the TVG amplifier and the QM echo- 
integrator as one combined unit. A cw  signal is injected  (iii)  The TVG amplifier is set to: 0 dB gain; and a dB km-' 
at the TVG amplifier input (Vin), and the resultant QM echo-  (a calculated from salinity and temperature records). 
integrator output (Vo) is recorded. A set of calibrations for  (iv) A CW signal (Vin), at the survey frequency, is injected 
all possible TVG and integrator gain settings is achieved by  at the TVG amplifier input via the calibration unit 100:l 
inserting Vin, V,  and the fixed parameters of the system in-  attenuator. 
to a computer programme. 
(v)  Finally,  the  QM  echo-integrator  output  (Vo)  is 
1. Calibration equipment  measured, and the number of transmissions (n) noted. 
This is arranged as in Figure A6, the additional equipment  2.2  Calculation of the theoretical value of V. 
required being: 
The QM echo-integrator output voltage (Vo) is the product 
ships log simulator; calibration unit; signal generator; pro-  of the voltage injected at the TVG amplifier input, the TVG 
grammable calculator; oscilloscope and frequency counter.  amplifier gain and the QM echo-integrator gain. 
2.  The calibration procedure  In survey mode at 0 dB fixed gain, the TVG amplifier gain 
is defined as: 
2.1  Determination of  the measured value of  Vo 
TVG gain  = 20 logR  + 2aR  ............  (A19 
(i)  The ship's log simulator is set to survey speed (8 knots) 
and is connected to the 'ships log' input located at the  where 
rear of  the log interface unit. 
the gain changes as the range (R) varies from the start 
(ii)  The QM echo-integrator is set to:  to the finish of the range sampling gate, (Ro) and (Rt) 
automatic speed compensation;  respectively. 
Frequency 
Counter 
Transducer 
Signal 
Generator 
I  4  l 
Calibration 
Unit 
- 
Ship's  log 
Simulator 
I 
Transmissions (n) 
Vin 
C 
Log 
Interface 
Unit 
Figure A6  Combined TVG amplifier/Simrad  QM echo-integrator calibration  diagram.  The diagram shows the 
arrangement of survey and test  equipment necessary  for this calibration. 
Vo 
No. of 
C 
+ 
TVG  AMP 
U 
C 
QM 
Integrator 
Ro,Rt,X  ,+'L'b Hence the input voltage to the integration stage is VA (equa-  k,  is 4a.10-' 
-9 
tion A1.5):  20 
VA=Vin  [l0  20  .l0  20  l  a is the absorption factor (dB km-'). 
(~16) The integrator factor of  1.034 X 10-4 is an average figure.  ............ 
where  For precise calibration, the time constants described in Ap- 
pendix  3 must be measured  for each unit. 
the first term is the TVG gain at Ro, and the second 
term defines the increase in gain during the sampling  2.3  Determination  of the combined correction factor 
interval. 
The measured output voltage is compared with the theoretical 
The echO-integratOr  unit Operates On the  ('A)  value and the combined correction factor is determined thus: 
to give an output voltage, Vo, such that: 
20 log R/Ro  + 2a(R-Ro)  combined correction factor  = 
measured 
10 log [ V,  theoretical ] dB.  ......  (A19) 
X  1.034 X  10-'.X'.n.U.  ......  Note: Use of the combined correction factor 
which reduces to: 
20 logRo  + 2aR0  The  combined  correction  factor  is  parameter  C  in  the 
V,  (theoretical)  =  [Vin10  20  l2  X  biomass equation (see main report, Section 5). 
3.  Example calibration 
[[~O~~(~~~~~).(R~~.D~-~R~D+~)]-[R,~.D~-~R~D+~]]/R,~  D' 
Table A2(a) Test  setting up information 
where  Transducer:  TRDC 9 
T.V.G.  number: 
Vin is the voltage injected at the TVG amplifier, 
1 
'dB gain'  alpha dB/km:  4.9  acoustic wave speed assumed: 
1493 m  S-' 
X  is the QM echo-integrator gain [X =  10  20  1,  short/long  range:  short 
QMs used: 
n  is the number of soundings (transmissions) during  depth: 
the test,  interval: 
set auto Yes/No 
U  is the simulated speed,  threshold: 
T.V.G.  gain set dB: 
R.  is the QM depth setting (m),  QM gain set dB: 
Inject frequency: 
Rt  is the sum of the QM depth and interval settings (m), 
red and yellow 
10 m 
80 m, 40 m,  10 m 
Yes  Set speed:  = 8 knots 
0 
0, -10 
0,  10, 20 
28.65  kHz 
Table A2(b) Test Results 
TVG, QM 
(gain dB) 
Interval 
(m) 
QM echo-integrator  output 
volts (dB) 
Calculated system 
gains (dB) 
No.  of 
transmissions Appendix 5 Survey  engineer's report  Table A4 Transmitter tests 
Type:  MS 44 
The documentation performs two functions: 
checks equipment performance; 
Frequency  28.57  kHz. Date checked:  19 August 1982 
28.37  kHz.  Date checked: 20 August  1982 
28.86 kHz. Date checked: 28 August  1982 
gives biomass factor calculation using equations 7 and  Pulse rep. rate:  129.5 ppm. Date checked:  19 August  1982 
8 from Sub-section 5.1 
biomass  Pulse duration  0.51 ms 
= V,  loA [(30+G-(A+B+C+D+E+F))/lO]  t km-2; 
where parameter 
A  = target strength,  Table A5 Transmitter output power measurements 
Date  Volts  Current  Phase (0)  rms power 
(VP-P)  UP-P)  (degrees)  (watts) 
C  = system gain, 
- 
19 Aug  1982  525  11.1  21  681 
D  = equivalent ideal beam angle,  20 Aug 1982  516  11.2  20  679 
28 Aug  1982  528  11.0  20  682 
E  =  10 log [pulse duration], 
F  =  l0 log [PRF (ppm)], 
G  = QM echo-integrator constant. 
Extract from acoustic survey cruise documentation (Tables 
A3-A12) 
Comments:  a. For magnetostrictive transducer, use only 
the  last  three  major  cycles  of  V  &  I 
waveforms for the above power calculation. 
b. 'rms'  power  = Vp-p X Ip-p X cos(+)  X  0.125. 
c.  Record water temperatures (and salinity if 
possible) at time of above measurements. 
Vessel/cruise:  CLIONE 11/82 
Scientist-in-charge:  R. J.  Wood 
Engineer:  W.  L.  Huggins  Table A6 T.V.G.  receiver settings 
Survey aim:  Bank herring stock assessment 
Location:  West Central North Sea  T.V.G.  Unit:  1 
Dates:  18-31 August  1982.  Bandwidth:  5 kHz 
Any hydrographic measurements taken Yes/No:  Yes  values: 
sea temperature 12.S°C 
Table A3 Transducer specifications  Alpha setting:  4.8 dB km-' 
Towed  body:  TM2  Acoustic wave speed:  1500 m S-' 
Long- or short-range setting:  short 
Towing depth:  5m 
Transducer used:  HM2-314A 
Cable: 
Table A7 Log interface calibration  Towing cable 2 
Serial number:  1 
Equivalent ideal beam  -16.5 dB 
angle (v)  used (dB):  Speed  Volts 
5 knots  3.078 
Calibration data source:  MAFF,  1982 (unpublished)  knots  3.743 
SL  + SRT parameter  38.24 dB at 681W 
8 knots  5.052 
10 knots  6.247 
transmitter power  12 knots  7.436 Table A8 Target Strength (biomass parameter A)  Table All  System biomass parameters fixed for duration of 
cruise 
Fish Length  Value of A 
(cm)  T.S.  (dB kg-')  Parameter D  Equivalent ideal beam angle = -16.5 dB 
23 
Parameter E  10 log pulse duration = -32.92 dB 
-34.2 
Parameter F  83 m range 
-34.6 
10 log PRF = 21.13  dB 
Parameter G  QM constant  = 6.83 dB 
-35.3 
Table A12 Calculated biomass factor per QM channel 
Cruise CLIONE llb/82  Herring survey 
Table A9 SL+  SRT calculation (biomass parameter B)  'Yellow'  channel A 
T.V.G.  gain  =  0 dB 
Results  QM gain  =  10 dB 
Date  rms  SL +  SRT  MS 44 range  = 83 m 
power  Fish length (cm)  23  25  27  29  31 
(watts)  (dB)  Biomass factor (t km-'  V1)46.13  50.58 54.20 59.43 63.68 
19 Aug  1982  681  38.24 
20 Aug  1982  679  38.23 
28 Aug 1982  682  38.26 
mean  38.24 
Table A10 System gain (biomass parameter C) 
QM setting  System gain 
(dB)  (dB) 
Yellow A  10  30.78 
Yellow  B  20  40.78 
Red A  0  21.01 
Red B  10  31.11 
'Yellow'  channel B 
T.V.G.  gain  =  0 dB 
QM gain  = 20 dB 
MS 44 range  = 83 m 
Fish length (cm)  23  25  27  29  31 
Biomass factor (t km-2 V1)4.61  5.06  5.42  5.94  6.37 
'Red'  channel A 
T.V.G.  gain  =  0 dB 
QM gain  =  0 dB 
MS 44 range  = 83 m 
Fish length (cm)  23  25  27  29  31 
Biomass factor (t km-2 V1)437.5  479.7 514.0 563.6 603.9 
'Red'  channel B 
T.V.G.  gain  =  0 dB 
QM gain  =  10 dB 
MS 44 range  = 83 m 
Fish length (cm)  23  25  27  29  31 
Biomass factor (t km-2 V1)42.76  46.88 50.23 55.08 60.32 Appendix 6 Examples of paper records and log keeping. 
These are illustrated in Figures A7 to A9 and Tables A13 and 
A14  referring  to R.V.CLIONE - Cruise  11/82 - Herring 
Survey 
Echo  sounder  record 
Figure A7  An echo record of a herring concentration. The sampling gate is indicated by the continuous horizontal 
line above and below the shoal; reduced by  1 metre towards the end of mile 404 in the proximity of a sand ridge. 
Table A13 Details from the data logger  for mile 404 
Channel  Data  Explanation of code 
RED INT RESETS 'A'  (0); RESETS 'B'  (1): 
YELLOW  INT RESETS 'A'  (1);  RESETS 'B'  (11): 
RED INT OUTPUT VOLTAGE  'B'  (2.73 V): 
RED INT OUTPUT VOLTAGE  'A'  (1.35  V): 
YELLOW INT OUTPUT VOLTAGE 'B'  (8.05 V): 
YELLOW  INT OUTPUT VOLTAGE  'A'  (1.75  V): 
NUMBER OF SOUNDINGS PER MILE (998): 
RED INT FIXED GAIN 'A'  (0 dB);  'B'  (10 dB): 
YELLOW  INT FIXED GAIN 'A'  (10 dB);  'B'  (20 dB): 
RED INT START SAMPLE (15  m); FINISH SAMPLE (36 m): 
YELLOW  INT START SAMPLE (10 m);  FINISH SAMPLE (41 m): 
TIME: 1941 hours GMT 
DATE: 23 AUGUST  1982: 
MILE OF SURVEY (404) 
Note:  Rationalising each output to 10 dB gain, the four channels gave 13.5, 12.73, 11.75,  11.805 volts respectively. QM Integrator  (yellow channels) 
QM integrator  (red channels) 
Figure A8  Pen records of the Simrad QM echo-integrator outputs on the four channels for miles 402-406. Full 
scale is 10 volts. The pen deflection and the number of 're-sets'  per mile per channel depend on the integrator gain 
setting for each channel. Table A14 Details from log sheet for miles 402-412 
Mile  Date  Time  Yellow  Red  No.  Yellow  Red  Resets  Remarks 
p-- 
1982  (GMT)  Deoth  Interval  Deoth  Interval  of  A  B  A  B  YellowRed 
V,  at  B~omass 
l0 dB  (:  km-')  .  .. 
TX's  l0 dB  20 dB  0 dB  l0 dB  A B  A B  equlva- 
lent 
402  23 Aug  1926  10  42  15  37  953  0.51  5.91  0.08  0.58  0  0  0  0  Some small shoals near  bottom  0.58  28.42 
403  23 Aug  1933  10  42  I 5  37  995  3.49  5.40  0.42  4.05  0  3  0  0  a/c  1928 GMT 080".  Diffused trace  4.20  210.00 
near bottom 
404  23 Aug  1941  10  41  I5  36  998  1.75  8.05  1.35  2.73  1  I1  0  I  a/c  1940 GMT 156". Heavy continuous  13.50  675.00 
trace off bottom 
405  23 Aug  1948  10  41  I5  36  982  0.42  4.73  1.21  1.18  1  10  0  1  Heavy continuous trace  off bottom  12.10  605.00 
406  23  Aug  1956  10  41  I5  36  977  1.08  0.04  0.14  1.20  0  1  0  0  A few  small spots  1.40  70.00 
407  23 Aug  2003  10  40  15  35  975  0.76  8.60  0.10  0.83  0  0  0  0 
408  23 Aug  2011  10  40  I5  35  970  0.51  6.10  0.06  0.55  0  0  0  0 
409  23 Aug  2018  10  40  15  35  974  0.52  6.11  0.07  0.57  0  0  0  0 
410  23 Aug  2026  10  40  15  35  972  0.47  5.54  0.06  0.52  0  0  0  0 
411  23 Aug  2033  10  39  I5  34  967  0.55  6.33  0.07  0.60  0  0  0  0 
412  23 Aug  2041  10  38  I5  33  970  0.47  5.57  0.06  0.51  0  0  0  0  0.51  24.99 
Nore:  The data that are recorded  at  the end of each nautical mile of survey serve as a useful guide on the survey progression  and a plot on V.  on the survey grid (see Figure A9) pin-points 
areas of h~gh  f~sh  concentration. Once the length distribution  of the shoals has been determined from trawl samples,  the biomass  is calculated (final column) 
Raised total herring wlthin this 
area (51.5km2)19,500  tonnes 
012345 
Nautlcal  miles 
ain herring spawning 
concentration 
(14,760 tonnes) 
Robin Hoods Bay 
CORELLA 1211982 28-29  August  \ 
Figure A9  Survey grid showing fish density. This consists of a series of parallel tracks laid in an area defined by: 
previous work; information received from working vessels or from earlier exploratory surveys. As the survey proceeds, 
a guide to fish density is plotted from the variation in integrator output voltage. The major shoals are located thus 
fnr  closer investigation. 